the relationship between some measure of soil P and runoff dissolved P (Gburek et al., 2000; Coale et al., The relationship between soil test P (STP) and dissolved reactive 2002; Vadas et al., 2002) . However, recent research has P (DRP) in runoff has been shown to vary with soil type due to differences in soil properties. This study was conducted to determine shown that this relationship will vary based on soil type the effect of mineralogy on P sorption behavior and DRP losses in (Sharpley, 1995; Sharpley et al., 1996; Pote et al., 1999; runoff using simulated rainfall. Nine different soil types were sampled Torbert et al., 2002 that results in the common observation that high clay lower concentration of DRP in runoff for a given soil water soluble soils often adsorb more P compared with coarse-tex-P level compared with soils with a ratio Ͻ0.5.
1970
; Loganathan et al., 1987; Solis and Torrent, 1989;  by isotherms conducted on pure clay minerals. Based on the isotherm Bennoah and Acquaye, 1989) . However, it is the high results, all soils were split into two groups based on the ratio of HIV/ surface area and presence of various P sorbing minerals kaolinite. Soils with a HIV/kaolinite ratio Ͼ0.5 had a significantly that results in the common observation that high clay lower concentration of DRP in runoff for a given soil water soluble soils often adsorb more P compared with coarse-tex-P level compared with soils with a ratio Ͻ0.5. tured soils (Loganathan et al., 1987) . Phosphate sorption is attributed primarily to ligand exchange reactions between hydroxyls exposed on surfaces of minerals and P hosphorus losses from agricultural soils to surface the phosphate molecule in soil solution. The mineralogy waters have been of recent public concern due to of a soil will take into account both surface area (due to the negative effects of increased P concentrations on the fact that most phyllosilicates and oxides/hydroxides surface water quality . Agriculeach have a specific range in surface area) and the Fe/Al tural soils considered high in P can cause significant content of a soil. Therefore, analysis of mineral types movement of P into waterways in the form of dissolved P and content should provide an estimate of potential and particulate P (Sims, 1998) . Although erosion control P-sorption sites (Jones, 1981; Sposito, 1984;  Parfitt, has been shown to decrease total P and particulate P 1989) and the potential for a soil to release P into runoff. losses (Quinton et al., 2001 ), significant concentrations Variation in surface area and differences in the ability of dissolved P can occur in runoff from soils where of different minerals to retain P should be responsible erosion is kept at a minimum, particularly from soils that for the observed differences in the relationship between are high in STP or having received recent P applications soil P levels and runoff dissolved P concentrations (Sharpley et al., 1978; Daniel et al., 1994; Daverede et among soil types. al., 2003) . Dissolved P concentrations in surface runoff Although there has been significant work conducted from unamended soils are typically much less relative on P adsorption in regard to soil mineralogy, few minerto P losses from soils that have recently received P alogical studies have been performed in conjunction amendments (Moore et al., 2000) , However, significant with P desorption isotherms or runoff studies. The obdissolved P losses can occur from high P, nonamended jectives of this study were to (i) investigate the role of soils (Pote et al., 1996; Schroeder et al., 2004) .
soil mineralogy on P adsorption/desorption behavior in With the established link between STP concentrations Virginia soils, and (ii) relate soil mineralogy and adsorpand dissolved P losses in runoff , many tion-desorption behavior to potential dissolved P losses model and risk indicators of P loss have incorporated in surface runoff from Virginia soils. type, four different soils (i.e., locations) were collected to provide a range in Mehlich-1 extractable P (M1-P) from below The Ridge and Valley soils chosen for this experiment were Frederick (Fine, mixed, semiactive, mesic Typic Paleudults), of added P that was adsorbed). Phosphorus saturated samples Groseclose (Fine, mixed, semiactive, mesic Typic Hapludults), from the single point adsorption isotherms were then used in and Sequoia (Fine, mixed, semiactive, mesic Typic Hapluthe desorption isotherm by sequentially desorbing the samples dults) series.
MATERIALS AND METHODS
four consecutive times with 40 mL of 0.01 M CaCl 2 and shaking Each sample was collected by removing soil from the surface for 1 h. After each successive desorption, samples were centri-0-to 5-cm layer and sieving through a 19-mm sieve before fuged, filtered, and analyzed for P as previously described for being air-dried for use in the rainfall simulation study. Samples the single point P adsorption. The total amount of P desorbed were sieved to 2 mm for the following characterization: pH (1:1 was used to calculate the percentage of P retained after four soil/water ratio), sand, silt, and clay analysis by the hydrometer desorptions as follows: method (Day, 1965) , and water-soluble P (WSP 1:10 soil/deionized water, 1-h reaction time, filtration with 0.45-m Millipore Adsorbed P after four desorptions P adsorbed from single point isotherm ϫ 100 [1] membrane [Kuo, 1996] and Desorption Experiments wet sieving through a 50-m sieve, while silt and clay fractions For each soil type, one sample was chosen for use in a were separated by centrifugation and decantation using 0.1 M P adsorption and desorption experiment ( Table 1 ) that was Na 2 CO 3 (pH 9.5) as a dispersant. X-ray diffraction was used conducted on both whole soils and the separated clay fraction to determine clay mineral suites present by analyzing oriented from each soil. Clay fractions were separated from whole soils K saturated samples with no heat treatment and after heating as described in the Soil Mineralogical Analysis section below.
for 4 h at 110, 300, and 550ЊC. Samples were scanned at a Individual samples within each soil type were chosen based fixed counting time of 4 s at a 0.075Њ 2 with a Scintag XDS on their measured WSP concentrations (average WSP was 2000 X-ray diffractometer (Scintag, Madison, WI) using CuK␣ 7.75 mg kg Ϫ1 ) with the intent of obtaining a set of samples radiation (40 mA, 45 kV). Subsamples of the K saturated clay that are relatively uniform to prevent soil WSP from being a fractions were also analyzed for weight loss by thermogravimeconfounding factor (Table 1 ). In addition to the whole soils tric analysis (TGA) from 25 to 1000ЊC using a TGA 2950 (TA and clay fractions, the sorption experiments were conducted instruments, NewCastle, DE Fe by ICP-AES. Total surface area of Ca saturated whole and (v) poorly crystalline kaolinite from Warren County, GA soils was determined using ethylene glycol monoethyl ether (Source Clay Minerals Repository, Clay Minerals Society).
(EGME) as described by Carter et al. (1965) . A single point P adsorption isotherm was conducted by adding 34 mL of 0.01 M CaCl 2 and 6 mL of 100 mg P L Ϫ1
Rainfall Simulation Study
solution (KH 2 PO 4 ) to 50-mL centrifuge tubes containing 0.4 g of sample (1.5 mg P added per 1 g of sample). Samples were Dried and sieved soils were poured into wooden runoff duplicated and placed on a reciprocating shaker for 24 h.
boxes 100 cm long, 20 cm wide, and 5 cm deep (SERA-17, Solutions were centrifuged at 1800 ϫ g (2000 rpm) for 10 2004), replicated three times, leveled, and presaturated 24 h min and then filtered through a 0.45-m Millipore membrane before being placed under a rainfall simulator to ensure that and analyzed for P by the Murphy-Riley method (Murphy runoff would occur during the rainfall event. The amount of and Riley, 1962). Percentage of P adsorbed was then calculated water necessary to presaturate each soil type was determined by adding water to one box for each soil until ponding on the as the difference between P added and P left in solution (% soil surface occurred. That same volume of water was then applied to all boxes containing the respective soil type.
The rainfall simulator consisted of a single "Tee Jet" HH-SS-50WSQ nozzle (Spraying Systems, Wheaton, IL) attached to a 3 m ϫ 3 m ϫ 3 m metal frame, and calibrated to achieve an intensity of 7.5 cm h Ϫ1 at 90% uniformity (SERA-17, 2004) . The runoff boxes were placed randomly under the rainfall simulator on steel racks adjusted to a 5% slope. Rainfall events were 30-min long and all runoff was collected in 9-L plastic containers (one runoff sample from each box). Subsamples of the bulk runoff were taken for DRP analysis by removing 40 mL from the mixed bulk sample and filtering through 0.45-M Millipore filter papers followed by P analysis by the Murphy and Riley colorimetric method (Murphy and Riley, 1962) .
Statistical Analyses
The distribution of data was tested for normality by the Shapiro-Wilkes statistic conducted by the "Univariate" procedure of the Statistical Analysis System, Version 8.0 (SAS Institute, 1999). All correlation and analysis of variance procedures were conducted by standard procedures of SAS. Multiple linear regression was conducted using the "stepwise" procedure of SAS.
RESULTS AND DISCUSSION Soil Properties
General properties of soils used in the P adsorption and desorption experiment are listed in Table 1 . The soils used in the mineralogical analysis and the adsorption-desorption experiments had a range of WSP from 5.62 to 11.85 mg kg Ϫ1 with an average of 7.75 mg kg
Ϫ1
. Although WSP was relatively uniform for the soils used soils, the natural pH ranged from 6.11 to 7.07 (Table 1) . This relative uniformity in pH is important since pH mately 1.1 nm. At this temperature, chlorite maintains can have a strong effect on the charge properties of a 1.4-nm peak and it is then possible to distinguish besoils as well as the solubility of Al and Fe, which can in tween the two minerals. Appreciable amounts of HIV turn influence P behavior. The variation in clay content occurred in every sample while it was a minor compoamong soils indicates that the Coastal Plain soils (Emponent of Cecil, Tatum, and Sequoia. Tatum was the only ria, Slagle, and Bojac) possessed the lowest clay content, soil containing any appreciable amount of chlorite Piedmont soils (Cecil, Tatum, and Davidson) had the (Fig. 1b) . Thus, the 1.4-nm peaks at 25ЊC for all soils highest, while Ridge and Valley soils (Frederick, Groseexcept for Tatum are primarily attributed to HIV (Fig. 1a) . close, and Sequoia) had a clay content intermediate to
The presence of mica was evident only in the Sequoia, the Coastal Plain and Piedmont soils (Table 1) . One Groseclose, and Tatum soils, with what appeared to be exception to this was the Sequoia soil, which had a much a greater quantity in the Sequoia compared with the higher percentage of clay (40%) than the other soils.
other two soils based on the height and area under the This may be due to the fact that this sample was collected peak. In addition, the data in Table 1 indicates that all on a steep slope and much of the topsoil may have been soils contained a greater amount of Fe ox than Al ox except eroded leaving the subsoil exposed. Support for this for the Cecil, Emporia, and Slagle. Overall, the mineralconclusion lies in that the Sequoia sample contained ogical makeup of these samples in regard to P chemistry much higher amounts of mica (which often occurs in was dominated by kaolinite, HIV, amorphous Al and the subsoil) compared with the other soils (Fig. 1a) .
Fe (estimated by ammonium oxalate extraction) and X-ray diffraction patterns conducted on the K satucrystalline Fe (estimated by TGA), and is considered rated clay fraction at 25ЊC (Fig. 1a) indicated that Cecil typical for Virginia soils. Of these minerals, amorphous and Tatum soils contained the highest amounts of kaFe and Al are considered the most important in regard olinite compared to the other soils. Quartz appeared in to P sorption followed by goethite, kaolinite, and 2:1 every soil except Slagle (Fig. 1a) . Because chlorite and clay minerals such as HIV (Jackman et al., 1997 ; Juo HIV share the same peak at 25ЊC, the samples were heated to 550ЊC to partially collapse HIV to approxiand Fox, 1977). Least significant difference at P Ͻ 0.05 was 7.3 and 12.7 for adsorption and desorption, respectively.
Phosphorus Adsorption and Desorption
The greatest amount of P per unit weight of clay was Retention of P after four sequential desorptions was also significantly related to HIV, amorphous Al, and absorbed by the separated clay fraction of the Davidson, Emporia, and Bojac soils as indicated by the single point gibbsite. In addition, kaolinite possessed a significant and negative relationship with P desorption (Table 2) . isotherm (63, 80, and 67% P adsorption, respectively; Fig. 2 ). Data presented in Fig. 2 also shows that the These results suggest that HIV and amorphous Al can adsorb high amounts of P as well as retain the adsorbed Cecil, Tatum, and Frederick soils adsorbed the lowest amount of added P (48, 44, and 45% P adsorption, P throughout sequential desorptions, while kaolinite is not able to retain P as strongly. respectively) while the Slagle, Groseclose, and Sequoia soils were intermediate between the two groups (52, 56, As expected, the results of the single point P adsorption isotherm and sequential desorption isotherm conand 54% P adsorption, respectively; Fig. 2 ). Not only were the Davidson, Emporia, and Bojac clay fractions ducted on the whole soils was different from that of the clay fractions (Fig. 3) . In this case, we observed that the able to adsorb the most P, these samples also retained the highest percentages of the adsorbed P after four Emporia soil adsorbed the lowest amount of P (14%) compared with the other soils since this soil contained sequential desorptions (78, 84, and 78% P retained, respectively; Fig. 2 ). Clay fractions of soils that adsorbed the least amount of clay and next to the lowest amount of Al ox and Fe ox ( Table 1 ). Adsorption of P was clearly less P also desorbed more P when compared with the other soils (i.e., Cecil, Tatum, and Frederick). In an the highest among the Davidson, Bojac, Frederick, and Sequoia soils (30, 22, 25, and 23, respectively) , while attempt to relate mineral type and quantity to P sorption, we correlated the mineral content as quantified by surprisingly the Cecil and Tatum adsorbed lower amounts of P relative to the other soils (15 and 17%, TGA to the amounts of P retained after the single point P addition and four sequential desorptions (Table 2) . respectively), as was also observed with the clay-sized fractions ( Fig. 2 and 3 ). Unlike P sorption by the sepaPearson correlation coefficients (as determined using SAS) indicated that HIV and amorphous Al as deterrated clay fractions, soils that adsorbed high amounts of P were not necessarily able to retain the adsorbed P mined by ammonium oxalate extraction were the only significant variables related to P adsorption (Table 2) .
following four sequential desorptions in the whole soil 
Differences in Phosphorus Sorption between Mineral Types
and Slagle soils adsorbed very little P, these two soils retained nearly 70% of the P adsorbed after four seOverall observation of the Pearson correlation coeffiquential desorptions. Again, P retained after four decients for the separated clay fractions and whole soils sorptions from the whole soils indicated that the Cecil (Table 2) suggests that HIV, gibbsite, and amorphous and Tatum retained the least amount of adsorbed P per Al are the most important P sorbing minerals in these unit weight compared with the other soils.
samples in regard to P adsorption and P retention after The Cecil and Tatum were among the highest in clay four sequential desorptions. Surprisingly, total Fe oxides and amorphous Fe were not significantly related to P content, suggesting that clay content for these soils was sorption for either the separated clay fractions or whole not a significant variable in explaining P adsorption and soils. This was unexpected since Fe minerals have been desorption. Evidence for this is shown in Table 2 in that shown to adsorb large amounts of P (Hingston et al., clay content of the soils was not significantly correlated 1974; Dao et al., 2001 ). with P adsorption or P retained after four sequential
In addition to simple correlation, we also conducted desorptions. This result is in contrast to previous studies multiple linear regressions (MLR) on each data set using that showed that clay content was well related to the the "STEPWISE" procedure in SAS software to deteramount of P required to reach 0.2 mg P L Ϫ1 in solution mine the best fitting model. Results from the MLR (Fox and Kamprath, 1970; Loganathan et al., 1987) . For in Table 3 agree with the results of the simple single example, Mozaffari and Sims (1994) reported that single correlations in that gibbsite, HIV, and amorphous Al point P isotherm values were significantly correlated were the best parameters used in predicting P retained with clay content (r ϭ 0.90***). In our case, the lack from both adsorption and desorption. Kaolinite content of correlation between clay content and P retention was identified as the only significant variable in exsuggests that mineral type and quantity may be more plaining P retention after four sequential desorptions important than the total amount of clay-sized particles from whole soils (negative relationship). The SAS softpresent in soil. Evidence for this is shown in Table 2 in ware also identified total Fe oxides as an important model component in explaining P adsorption by the that gibbsite, HIV, and amorphous Al were significantly separated clay fractions. However, this was unexpectrelated to P adsorbed, similar to results of the clay-sized edly a negative relationship (Table 3) . fraction (Table 2) .
To confirm these results, we repeated the adsorption Surface area per gram of clay was also well related and desorption experiment on pure clay minerals (goeto P adsorption. The significant relationship of P adsorpthite, hematite, gibbsite, poorly crystalline kaolinite, and tion with surface area per gram of clay and not with well crystalline kaolinite). These minerals had a pH clay content occurred because different minerals vary range of 5.5 to 6.0 and a WSP content Ͻ0.30 mg P kg Ϫ1 . in surface area (Van Olphen and Fripiat, 1979) . As a Data presented in Fig. 4 shows that the two Fe oxides result, soils with similar clay contents can possess very (goethite and hematite) adsorbed the highest amounts different surface areas and thus different P adsorption of P from the single point addition and retained a greater capacities. The data in Table 2 indicates that the only percentage of P after four sequential desorptions from mineral related to P retention after four sequential dethe same samples when compared with gibbsite and sorptions was kaolinite (negative relationship), thus kaolinite. This was expected since Fe oxides have a soils with higher levels of kaolinite were not able to higher surface area (14-177 m 2 g Ϫ1 ) compared with retain P as tightly compared with the other soils. Note gibbsite (0.4-7.5 m 2 g Ϫ1 ) and kaolinite (5-30 m 2 g Ϫ1 ). also that the soil WSP content did not appear to be a The high P retention (both adsorption and desorption) confounding factor as indicated by the lack of a signifiby the Fe oxides is in contrast to the lack of a significant, cant relationship between P sorption and soil WSP conpositive relationship between P sorption and total Fe oxides or amorphous Fe among the soils used in this centration (Table 2) . experiment. The results in Fig. 4 also confirm that kastudies on P sorption in relation to soil mineralogy usually did not include soils that contained HIV, as HIV olinite was not able to adsorb as much P relative to other P sorbing minerals and also was not able to retain occurs predominantly in the southeastern USA (Rich, 1968) . Hydroxy-interlayered-vermiculite is a unique 2:1 as much of the adsorbed P after undergoing four sequential desorptions. mineral in that its interlayer is intermediate to that of vermiculite (K, Mg, or Ca) and chlorite (Al or Mg hyPrevious studies have generally shown that Fe and Al oxides such as goethite, gibbsite, and amorphous droxy sheet). Although most 2:1 minerals possess little capacity to adsorb P because of few exposed terminal materials possess a higher P adsorption capacity compared with 1:1 and 2:1 clay minerals. Jackman et al.
hydroxyls, HIV may be an exception to this rule of thumb due to its unique structure. The interlayer of (1997) conducted a P sorption study on 10 mineralogically diverse Hawaiian soils and found that the highest HIV contains both K, Ca, or Mg (which holds the layers together) and disconnected sheets of amorphous Al hydegree of P sorption was exhibited by Andisols that predominantly contained amorphous Fe and Al hydrous droxides. Together they form "wedge zones" in the minerals that result in a highly exposed Al hydroxide with oxides, very fine-grained goethite, and no kaolinite. Medium sorption soils included the Oxisols that contained an increased surface area. The exposed Al hydroxide can potentially adsorb and retain P. As observed in this mostly illite, some goethite and gibbsite. The low P sorbing soils were Mollisols mostly rich in kaolinite constudy, there was a significant and positive correlation between amorphous Al and HIV in the separated clay taining very low amounts of Fe and Al hydrous oxides. Juo and Fox (1977) suggested that soils with very high fraction (r ϭ 0.77). Therefore this data set is unable to document that there is truly something unique about P sorption capacities usually contain desilicated amorphous material, those with medium P sorption capacities the structure of HIV that would make it a greater P sink compared with amorphous Al hydroxides in the contain 1:1 clay-size minerals and oxides, and those soils with low P sorption capacities contain 2:1 and 1:1 claysoil (such as P being trapped in the interlayer), or if P size minerals with quartz. One similarity between these adsorption by HIV is simply due to the Al hydroxide and other past studies is the conclusion that 1:1 clay comprising the mineral (i.e., the ammonium oxalate exminerals such as kaolinite tend to adsorb more P comtraction could simply be removing amorphous Al from pared with 2:1 minerals. Our results somewhat contrathe edges of the HIV). In addition, Saha and Inoue dict that notion since HIV (2:1) was better related to P (1997) found that added P migrated into the interlayer retention (both adsorption and desorption) compared of a synthetic HIV. The authors used x-ray diffraction with kaolinite (Tables 2 and 3 ). In relation, Wijesundara on samples that had been saturated with 17 different (1996) found that the P adsorption maximum for both concentrations of P (0-100 mM P) to show changes in fertilized and nonfertilized Davidson soils were greater the interlayer spacing with P adsorption. The authors than for Tatum soils. In that study the two soils had also noted that P adsorbed onto synthetic hydroxy-internearly the same percentage of kaolinite (Davidson ϭ layered smectites was poorly retained compared with 60% and Tatum ϭ 62%) while the Davidson contained the synthetic HIV. 27% HIV and the Tatum had none.
One possibility for this discrepancy (a 2:1 mineral
Phosphorus Adsorption and Iron
adsorbing more P than a 1:1) may be that previous As previously discussed, it was unexpected that there were no significant and positive correlations between P retention and total Fe oxides or amorphous Fe among whole soils and separated clay fractions (Tables 2 and  3) . Again, this is in contrast to the literature and observations of the P adsorption and desorption isotherms conducted on pure minerals (Fig. 4) . This suggests several possibilities: (i) P has a preference for adsorption sites in regard to Al and Fe, (ii) the different minerals are interacting with each other, and (iii) some co-correlations exist between Fe and other minerals.
Some observations in previous studies support the absence of a significant and positive correlation between P retention and Fe minerals (Tables 2 and 3) in that added P may have been preferred onto Al over Fe. This preference for Al may have resulted because the soil Fe was more saturated in P relative to Al. In a recent found that on clean samples, P was initially preferred standard deviation. Least significant difference at P Ͻ 0.05 was 6.5 and 10.7 for adsorption and desorption, respectively.
for adsorption to Fe, but with increasing P addition the Al mineral had an equal or greater affinity for P given value of WSP/clay the low HIV/kaolinite soils resulted in more runoff DRP compared with high HIV/ compared to Fe. Cabrera et al. (1977) concluded in a kaolinite soils. study of P adsorption onto various Al (gibbsite, boehHowever, caution should be exercised in application mite, and corundum) and Fe (goethite, lipidocrocite, of these results, as this rainfall study was conducted on and hematite) oxides, that "Al oxides are more reactive soils that did not receive P amendments for over 1 yr. than Fe oxides of similar specific surface areas."
The observation that high HIV/kaolinite soils were able to retain P more tightly during a simulated rainfall may
Mineralogy and Runoff Dissolved
not hold true for soils receiving recent P amendments.
Reactive Phosphorus
Therefore, the best application of this data would be The retention of P during the sequential desorption for soils that are no longer receiving P amendments in experiments may be a good indicator of the potential which the P is at steady state with the soil. For example, for dissolved P release from soils not having received in Virginia permitted poultry operations with soils posrecent P amendments. Based on these results (Tables sessing M1-P values Ͼ 55 mg kg Ϫ1 can only receive a 2 and 3), soils not having received a recent P amendment maximum single P application equivalent to the 3-yr (P is in a steady-state condition with the soil) and contain crop removal rate. Thus, the low HIV/kaolinite soils a low proportion of HIV to kaolinite (Ͻ0.5) would among these would be expected to release more P in readily release DRP into runoff more easily compared runoff compared to high HIV/kaolinite soils at similar with soils with a high proportion of HIV to kaolinite soil P concentrations. (Ͼ0.5). We were able to test this hypothesis by grouping One problem in application of this research to field soil types into "high" or "low" HIV/kaolinite and plotsituations is that mineralogical analysis of soils may not ting their WSP values with runoff DRP concentrations be practical and the existing database of soil mineralogy from the simulated rainfall study. Data presented in (i.e., the soil survey) is based on subsoil mineralogy Fig. 5a shows that for a given soil WSP value, soils with rather than the topsoil where runoff interacts with soil low HIV/kaolinite yield more DRP in runoff compared P. Therefore, it might be worthwhile to conduct mineralwith soils with high HIV/kaolinite. Also, in an attempt ogical analysis on an extensive collection of representato normalize the soils based on clay content we repeated tive topsoils to assess the amount of various clay minerthe same procedure and expressed soil WSP as soil WSP/ als such as HIV and kaolinite in the topsoil of important clay (Fig. 5b) . This normalized data (Fig. 5b) indicates agricultural soils. Studies on the effects of other clay the same trend as previously described in Fig. 5a , at any mineral types (i.e., monmorillinite, chlorite, vermiculite) on DRP losses in runoff might also be necessary. Potentially, this would be easier and less expensive compared with conducting simulated rainfall on many different soil types having a range in soil test P to construct soil P vs. runoff DRP relationships for each soil type. The information could then be applied directly to a P index that utilizes the relationship between soil test P and WSP in assessing DRP losses in runoff from soil P pools.
CONCLUSIONS
Losses of P from soils not having recently received P amendments can still be significant in regard to critical P levels listed for flowing and lake waters (Vadas et al., 2004) . Although soil P concentrations as determined by various extractions have proven to be well related to dissolved P losses in surface runoff, use of these relationships in predicting dissolved P losses is complicated due to differences among soil types. This study attempted to show that these different relationships may be due in part to differences in soil mineralogy, as ligand exchange of phosphate molecules in solution is mainly a function of mineralogy.
For the soils used in this study, clay content was not an important factor in regard to P sorption behavior, 
